Introduction
The disk laser technology has been the subject of debate when compared with other types of high power fiber delivered technologies (e.g. fiber laser).
However, a new day has dawned, and it's apparent that disk laser technology has earned its stripes. In order to illustrate the metamorphosis of disk laser technology, we'll be referencing TRUMPF's research, which has resulted in the new TruDisk series. 
Disk Laser Concept
The disk laser design benefits from five unique optically in series, further increasing the possible output power at constant beam quality. Serial combining within a single resonator is the preferable approach because simpler optical layouts can be used. Up to four disks have been connected in series.
Commercial systems with 4 disks achieve an output power of 16 kW, which is equivalent to 4 kW per disk. All TruDisk lasers have integrated switches (up to 6) for beam distribution to different work stations.
Until now, experimental investigations have not reached any fundamental limitations of maximum output power per disk. Calculations from the University of Stuttgart indicate that 30 kW from one disk are, in principle, possible 5) . The most brilliant disk laser so far has been built by Boeing 6, 7) . A nearly diffraction limited beam quality "suitable for tactical laser weapons" has been achieved at an remarkable output power of more than 27 kW. Until now, these parameters have never been reached with other laser concepts, which shows the unique capability of the disk concept. Figure 2 shows the option to adapt the pump spot on the disk, which is advantageous for the scalability of the output power per disk. The output power from a single disk can be increased while still keeping the pump power density constant. Only the pump spot diameter increases with the square root of the desired output power. If the pump spot diameter is doubled, one can increase the pump power by a factor of 4 without changing either the power density nor the thermal conditions inside the disk. Contrary to other concepts, such as the rod or fiber laser, the output power density on the disk itself is uncritical, even at the highest output power.
With this concept it was very easy to increase the output power of one disk without changing the beam quality. Figure 4 shows very clearly, that a change in beam quality has virtually no effect on the obtainable output power of the beam source. Therefore the beam quality of the disk laser can be adapted to the needs of the targeted applications.
In addition, figure 3 shows a maximum output power out of one disk of about 5.5 kW. This is the basis of the new TruDisk 4002, which guaranties 4 kW at work piece. The reserves of the laser can be used to realize a power feedback control. As the achieved welding depth is directly related to the laser power, the end user can not accept any variation of this parameter. Unlike other laser concepts, neither the environmental conditions nor internal parameters like cooling water temperature of the laser have any influence on the output power, which remains constant at all times in case of the TruDisk.
As a result of the increased output power per disk, the number of components and therefore the size of the laser and the cost of the system were 
Cost efficiency
The cost of the disk laser has continued to decrease since first introduced back in 1998.
However, the third generation disk laser has brought significant reductions in both capital investment and operating costs for several reasons. 
Diode life expectancy
This is a subject packed with debate and controversy. One leading laser manufacturer has decreased diode life expectancy estimates from 500,000 hours to just 50,000 hours within the last three years. With the disk laser, the trend is in the opposite direction, with it's first generation having an estimated diode life of about 25,000 >hours. In reality, it is not the diodes themselves that fail, but rather the cooling of them that might break down. The cooling is via micro-channels that might erode over time due to the relatively high water flow through them. When erosion degrades the micro-channels to the point of a water leak, the diode module reaches the end of it's life. With the new generation TruDisk, the diodes are passively cooled. Simply stated, the micro-channel failure mechanism goes away. In fact, the failure mechanism shifts to the bulk semi-conductor material, which is fundamentally the same as that of the single emitters used in other laser concepts -leading to the same diode life expectancies. 
Integrated footprint

High speed cutting of thin sheets
Especially in the thin sheet area, the 1 µm wavelength of the disk laser enables higher cutting speeds compared to the 10 µm wavelength of CO 2 -lasers. Since years, 1 µm lasers are used for cutting foils and thin sheets with a thickness of up to 2 mm. Due to the improved brightness of the cw disk laser, cutting speeds were increased significantly. Although the fundamental cutting speed was increased, cutting of small contours and edges is an issue. The speed of the handling system (robot, gantry) for small features has to be reduced. An increased heat input follows, which can lead to excessive burning and poor cut quality. One strategy to reduce this effect is to lower the cw output power proportional to the cutting speed. However, this technique is often not enough to realize excellent cut quality for these features.
To avoid such problems and to optimize the synergy between maximum cutting speed of a cw laser with best cutting results of a pulsed laser, TRUMPF has developed an new software feature called "cut assist". The laser receives an analogue signal, which is proportional to the speed of the handling system and processes this signal internally. At programmable velocity thresholds, the behavior of the TruDisk laser changes from a cw laser to a laser which is operated in pulsed mode. Pulse peak power, pulse duration and frequency are controlled based on the in situ process and adapted to the current system speed.
The variable and programmable laser parameters are stored inside the laser control and can be assigned to both material type and thickness, enabling the appropriate laser parameters to be automatically selected.
There are multiple advantages for the user. It is the first time that both the maximum cutting speed of a cw cut and the accuracy of a pulsed cut can be achieved with a single laser device.
Shorter production times and higher quality of the laser cut parts result. Typical reduction of the cutting time in the range of up to 50% were achieved in industrial applications already, which increased the economics of this process significantly.
Fine welding of thin foils
Besides high beam quality, it is the high dynamics of the laser source which is most important for welding of thin foils with high accuracy. The following example shows the coupling of a 1 kW disk laser (TruDisk 1000) with a programmable focusing optics (PFO). Due to perfect matching of the TRUMPF focusing heads and the disk laser, the problem of thermal lensing is avoided. Therefore processing results are absolutely reliable. The integrated feedback power control enables reproducible welding depth 
Welding in powertrain
Laser welding of power train components has been done with CO 2 -lasers for many years. The disk laser is a new alternative beam source for such applications, due to its high beam power and excellent beam quality. A typical shape of a TruDisk-weld is shown in figure 7 , which displays a very high aspect ratio of the welding seam.
Typical joints, which can be made with the disk laser, are found in numerous applications in gear manufacturing. Figure 8 possible to weld material combinations. Figure  9 shows a cross section of a differential joint, where a tempered steel (16MnCr5) was laser welded to cast iron (GGG 60). Normally one would expect an extreme increase of hardness in the fusion zone, which would lead to cracks and would greatly compromise the weld. To avoid this, a filler wire (NiBAS 70/20) is used and the resulting hardness within the fusion zone is reduced and is more homogenized. Spikes of hardness and therefore cracks can be avoided. The differential was welded with a 3.5 kW disk laser power at a welding speed of 2 m/min, while the penet-ration depth is about 3.2 mm.
Hybrid laser welding with high laser power
Industrial applications of laser hybrid welding can be found since many years. While the lamp pumped solid state laser dominated in the low power applications, the high power applications were realized with CO 2 -lasers so far. The entrance of the disk laser in the thick sheet area was enabled by the higher output powers, which have been available since 2007. Three years ago, the first 10 kW disk lasers were delivered and since then they are serving these applications:
• Laser hybrid welding of truck axles
• Laser hybrid welding of poles
• Laser hybrid welding of panels in shipyard area
The laser hybrid welding process offers a lot of advantages, like increased welding speed with high sheet thicknesses. On the one hand side, process efficiency is increased, on the other hand, the process enables less heat input into the material. Therefore, thermal distortion can be minimized. In addition, the combination of laser and arc increases the size of the fit-up gap that can be bridged compared to welding with the laser beam only.
The main advantage of the disk laser compared to CO 2 -lasers is the capability to guide the laser beam with a flexible fiber. This enables a considerably simplified integration of the laser into a conventional MIG-/ MAGwelding process. In addition the efficiency of the disk laser is increased and the need of process gas can be avoided due to the shorter wavelength. 
Conclusion
